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U.S. AIR FORCE

Objectives

m Focus our individual site
management and research
efforts

m Drive a shift towards more
pragmatic expectations for
management of DNAPL source
Zzones.

Integrity - Service - Excellence



A )
\/

U.S. AIR FORCE

Scope of Presentation

m How efficient does It need to be?
m How efficient can it be?
m What technologies are available?
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\,,/Deflmtlons and Basic Concepts

U.S. AIR FORCE

Plumes
Entry Point » Direct risk

e Little mass
/  Technically less challenging

Source Zone

e |ndirect risk

* Most of the mass
 Technically challenging
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Pankow and Cherry 1996

(b)

WEATHER

T
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\.:,/ Conceptual Model
oy me— Typical Condition North and South Pit

Gray to black aily silty clay

Gray oily berm with backfill with heterogeneous L

Wood/y debris

steel and pl asgic drums

Nonagueous phase

AL A 77
Gray or tan sand seam

in clay/silts matrix

Colorless halo of
Tan wesathered = dissolved/vapor
Dawson or alluvium Nonagueous phase phase contaminants
derived from the liquidsin sand seams | 71
Dawson Pl and joints ?

Jointsin clay/silts matrix
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Remedies

m Containment

m Active (e.g. Pump and treat)

m Passive (e.g. Zero valent iron reactive barriers)
m Source Zone Cleanup

m Remediation (meaningless junk term - any mass
removal)

m Restoration (Pristine)
m Renovation (To a certain point)
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U.S. AIR FORCE

Source Zone Goals

m Restoration
m MCLs in source zone
m Very high levels of mass removal
m Renovation
m Reduced site care requirements
m Reduced areal extent of exceedances
m Reduced loading to a receptor
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e General Source Zone Options

U.S. AIR FORCE

m Mass Recovery (forced advection)
m Chemical mobilization
m Thermal mobiliation
m Physical recovery
m Mass Destruction (delivery)
m Chemical oxidation
m Biological degradation
m Thermal destruction
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N\Z  “Good Science” and Decision Making
(current condition)
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U.S. AIR FORCE

Site Management
Decisions
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SCIENCe
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\_/ “*Good Science” and Decision Making
" (desired condition)

U.S. AIR FORCE

Site Management
Decisions

S >

I e
Good e | |e== Politics
Science 4:"

./ ./
./

Emotions
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NZ  “Good Science” and Decision Making
S (a missing element?)

U.S. AIR FORCE

Site Management
Decisions ? Economics ?

)

Good —»x_,- Politics
Science

Emotions

Integrity - Service - Excellence



\ 2 .
NZ  “Good Science” and Decision Making
" (an improved approach)

U.S. AIR FORCE

Site Management
Decisions

Economics 6_5
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Good m—) «= Politics

Science —>
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Emotions
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\/ Column Source Laboratory Studies
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U.S. AIR FORCE

L ocation of
~agmmm  Uniform Water Flow // single column
69/ source
26 cm
- |~ 2cm
l Uniform Sand / K
4 cm
A

| 90 cm >
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< Column Source Results

U.S. AIR FORCE
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\/ Distribution of mass transfer rates
°r in aNAPL subzone

U.S. AIR FORCE
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N Expanding Pool
L aboratory Studies

L ocation and length of the

expanding pool source (cm) \

{24 44{ 9 16+ f— 20—
7 £ Z

T -agmmm  Jniform Water Flow
26 cm
Uniform Sand /
V4
4cm
A
[ 90 cm >
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Expanding Pool Results

0.0000
1000009

5

3
2,

1 oooo’ @
108 o [ J
5

3
2

10—2.000g

5

3
2

A=Y

Q
w
o
o
(=3

Normailzed Concentration

[ERN
o
N
o
8
NW 0100 N 01000

10—5.0000
00 01 02 03 04 05 06 07 08 09 10

Fraction of Pool Removed

Integrity - Service - Excellence



\ 72
N7
2

U.S. AIR FORCE

Multiple Pool DNAPL Source Zone

Flow Direction i
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\/ Source Zone
wsamronce CONCeptualization

DNAPL
Source - ~
Zone / " i

| &AL

.......................................................................................................

ALY .
/ \ DNAPL subzone
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U.S. AIR FORCE

40 m Base Condition

Y

il(—40m—)|
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Flow Direction / |
—— /| Reduction in
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Reduction in
/ | L L L Source Zone Width
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U.S. AIR FORCE
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How Efficient Can it
Be?
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ssociated Cost
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U.S. AIR FORCE

Forced Advection

m Physical

m Mobil NAPL Recovery

m Soil Vapor Extraction

m Air Sparging
m Surfactant/Cosolvent Flushing
m Thermal

m Hot water flushing

m Steam (SVE)

m Electrical Heating (SVE)
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U.S. AIR FORCE
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U.S. AIR FORCE

Soil Vapor Extraction Surfactant Flushing
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U.S. AIR FORCE

- at

P(t) =-aM recov erable © (6)

M remaining (t) =M recov erable (1_ e-at) (7)

0.693
t1/ 2 = a— (8)
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U.S. AIR FORCE
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\_/ Goal Line - Amount of depletion required to effect
O : . . . :
ameaningful improvement in water quality or reduction
In source longevity

e

U.S. AIR FORCE
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V

Performance Estimation

produced = ESNeep ET arg et

V =V -V

remaining initial

V

remaining

= Viitia (1- Egwee E
t

Size matters
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\/ Surfactant/Cosolvent
- E = 0-90 (median 53%)

U.S.AIR FORCE Technology ™

Percent Removal of Post Waterflood Residual
Simpkin et al., 1998

100

% Removal

1 2 3 45 6 7 8 9 101112 13 14 15 16
Sites
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\/) Sweep efficiency between parallel
\-Q;r/ drains in a homogeneous isotropic
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U.S. AIR FORCE

Patterns for well based delivery/recovery systems*

LineDrive

E gyeep= 0.3-0.9*

Five
Spot

E gyeep= 0.78**
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\/ Sample Calc - Mobile NAPL
so amronce Depletion

Viniia =1,000gal
ESNeep =0.85 Etechnology =05 Etarget =0.95

Vv

remaining

=600

Cost = $100,000 - 300,000 /acre
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\j Sample Calc - Aggressive NAPL
Depletion (e.g. surfactants)

@
-

U.S. AIR FORCE

Viniia =1000gal

Esweep = 085 Etechnology = 09
V =270

remaining

Epnoe = 0.95

Cost** = $500,000 - 7,500,000 /acre
= $64 - 588 yrd?
= $21-239 gallon

** Simpkin et al., 1998
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Containment Approaches

m Source Zone m Plume Restoration
m Physical barrier m Source Zone
m Slurry walls Renovation
m Sheet pIIe walls O Pump and Treat

m Hydraulic barriers
m Continuous drains
m Horizontal wells

m Reactive barrier
m Zero Valent Iron

m Diffusive Emitters
m ebarriers

m Natural Attenuation
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‘\j Total Solution: Containment

e .. Zonel/ Wetlands Enhancement

[-DNAPL

/‘
Slurry Wall/ N

Not to Scale
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S Water Balance (Realighed):
US-AIR FORCE Growing Season

o’

Native Poplar

and Willow Preciation EvapIanspiration

Depth in Feet

Shale Bedrock
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\/ Wetlands Enhancement:
..o Concept Section
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\.;./ Rocky Flat Mound Plume

U.S. AIR FORCE

Interceptor Trench

With Passive Flow Through Treatment (Fe°)
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5. AIR FORCE Union Pacific Railroad

m 90 - acre DNAPL zone
m 1.8 million gallons DNAPL recovered

m Coupled Physical - Hydraulic-Physical
Containment

m 10,000 - foot cutoff wall
mEQ~100gpm

m Phytoremediation

m River Bike Path
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e Summary of Key Issues

U.S. AIR FORCI

?7? NAPL Pool ??
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i A WG What is a Pragmatic?

1) With proven technology
40-60 % NAPL recovery
appears to be recovery to the
maximum extent possible.
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U.S. AIR FORCE Wha: i S Pragmati C?

1) With proven technology
40-60 % NAPL recovery may
be recovery to the maximum
extent possible.

2) Ultimate depletion will be
approached asymptotically
with increasing cost and time

Integrity - Service -

Excellence
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U.S. AIR FORCE

What is Pragmatic?
1) With proven technology 40-
60 % NAPL recovery may be
recovery to the maximum extent
possible.

2) The ultimate depletion will
be approached asymptotically
with increasing cost.

3) With emerging technology
even 90% depletion will do little
to alter near-term site care
requirements, longevity, or risk.
4) Lacking clear benefits (and
considering potential risks) the
cost of emerging technologies
are difficult to justify.

Integrity - Service -

Fraction
Remaining

Cost
Time

% NAPL Depletion
Reduction in Longevity

100

Excellence
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Path Forward

Conta nment
- Done

Renovation Consistent with Reuse
- A reasonable near-term goal

Restoration The Ultimate Goal
- When proven technologies exist

Integrity - Service - Excellence
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